In vivo human cardiac shortening and lengthening velocity is region-
Introduction

85
A fundamental task of the cardiovascular system is to match the cardiac output with the 86 peripheral metabolic and non-metabolic blood flow demand. Regulation of cardiac output is 87 achieved by adjustment of 1) the frequency of cardiac contraction, commonly termed heart 88 rate (HR), and 2) of the intrinsic cardiac muscle force and deformation. One of the most 89 sensitive parameters of the latter contributor is the shortening velocity of cardiac myocytes 90 (Daniels et al., 1984) . The importance of both HR and the shortening velocity of cardiac 91 myofibres has been demonstrated in vitro and is undisputed, yet the in vivo interdependence 92 between HR and the velocity of myofibre shortening is surprisingly poorly understood (Brouha 93 et al., 1936; Sonnenblick, 1962; Brutsaert et al., 1971; Daniels et al., 1984) . Data exist to show 94 that the in vivo velocity of cardiomyofibre shortening and lengthening -also referred to as
95
'strain rate' (SR) -is related to the sympathetically-mediated HR (Weidemann et al., 2002) .
96
Initially, this concept appears logical because an increase in HR could be expected to cause 97 a faster rate of cardiac tissue deformation as reflected by enhanced SR. Further agreement 98 with this idea is evidenced by the reduced survival rate in cardiac patients who have a blunted 99 SR response to sympathetic and chronotropic stimulation (Bjork Ingul et al., 2007) . However, 100 a close relationship between SR and HR eliminates the use of SR as an independent marker 101 of contractile function (Greenberg et al., 2002) . While a recent investigation has suggested 102 that SR is "less likely to be confounded by chronotropic responses" (Mak et al., 2012) , the 103 study used atrial pacing and failed to elicit any changes in SR, thereby limiting the possibility 104 to study the natural coupling between SR and HR. More importantly, the regional SR 105 responses associated with increased HR in vivo have not been examined previously. Instead,
106
an average 'longitudinal' strain rate was presented. This measurement has imposed the 107 concept that SR is greater at the LV base compared with the apex (Wilkenshoff et al., 1998) .
108
From an anatomical perspective, this is surprising because the left ventricle (LV) is more 'free'
109
at the apex as it is not tethered to the right ventricle and could therefore be expected to shorten 110 more than the base. This is further supported by studies that have shown a more dynamic and 111 more plastic function at the LV apex (Doucende et al., 2010; Stöhr et al., 2011; Stöhr et al., 
212
The LV base was defined as the short-axis window that showed the mitral valve leaflets in 
242
Systolic arterial resistance. In order to determine the resistance the heart was facing during 243 the contraction phase, systolic arterial resistance were estimated as peak systolic blood 244 pressure (mmHg) divided by stroke volume (ml).
245
Statistical analyses. All data are reported as means ± SD unless otherwise stated. Two-way
246
analysis of variance (ANOVA) was used to determine main effects for time (pre, during and 247 post exercise), exercise intensity (30% vs. 60% of 1RM) and the interaction between these.
248
Data that showed significant main effects (p<0.05) were analysed post hoc with the Bonferroni 
254
Within each of the two exercise trials, HR, cardiac output, systolic blood pressure, diastolic 255 blood pressure and systolic arterial resistance increased during exercise (p<0.0001, Figure   256 2). HR and cardiac output remained elevated following exercise while systolic blood pressure,
257
diastolic blood pressure and systolic arterial resistance declined back to baseline levels.
258
Stroke volume declined during resistance exercise but increased back to baseline levels However, these associations were even weaker, as illustrated in Figure 5 . Similarly, peak SR
277
and areas under the curve for SR were weakly associated with blood pressure or arterial 278 resistance ( Figure 6 ). There were no differences between the responses at 30% 
294
Potential mechanisms for regional SR differences
295
It is well known that the shortening velocity of the human heart is influenced by several 296 fundamental determinants of cardiac function including inotropic and chronotropic state, as 297 well as preload and afterload (Sonnenblick, 1962; Colan et al., 1984 
336
Shape of the left ventricle and regional wall tension. In addition to the previously discussed 337 regional differences in duration of cardiomyocyte activation, the shape of the LV may also 
365
revealed no difference across the six exercise conditions. This is in agreement with diastolic
366
SR data which were consistent throughout the experiment (Figure 6b ). In contrast, the 367 significant interaction effect between SR at the base and apex suggests that ejection pressure 368 gradients may have changed. We and others have previously highlighted the importance of 369 regional LV differences and the implications for ejection of blood at rest (Eriksson et al., 2011) 370 and for LV function during exercise (Stöhr et al., 2014 
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608
HR remained elevated at exercise levels while systolic BP declined back to baseline. Note:
609
HR increased during resistance exercise solely due to a reduction in diastolic duration, which
610
suggests that HR cannot be associated with systolic SR. There were no significant differences 611 between exercise at 30% and 60% of 1 repetition maximum (1RM 
686
687
688
suggests that HR cannot be associated with systolic SR. * and ***: p<0.05 and p<0.001,
689
respectively, compared with baseline; $ and $$: p<0.05 and p<0.01, respectively, for
690
comparison between the same condition during the 30% and 60% trials. 
